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Description 

This invention relates to an optical space 
switch which is capable of use in a centralised 
switching system for an optical network. A cen- 
tralised switching system is the simplest active 
network which is compatible with optical and elec- 
tronic multiplexing, offers the maximum network 
size, range* and flexibility and is also compatible 
wtth the existing wire-networks. 

United States patent No. 3,985.975 described 
an optical space switch comprising a plurality of 
inputs for optical signals* a spatial light modulator 
for receiving optical signals and controllable to im- 
pose a selected spatial phase modulation thereon, 
a multiplexed phase hologram disposed to receive 
optical signals from the modulator and containing a 
plurality of individual holograms to diffract light in a 
manner determined by the imposed spatial phase 
modulation, and collection means including a plu- 
rality of output receptors for collecting light dif- 
fracted by the holograms, each hologram diffract- 
ing light to a selected receptor in dependence 
upon the spatial modulation imposed by the spatial 
phase modulator. 

Although it has a plurality of inputs, the optical 
signals from these all Illuminate a single spatial 
phase modulator and a single multiplexed holog- 
ram, so that only one optical signal can be routed 
to an output receptor at any given time. 

Accordingly, m the present invention, the 
switch includes a plurality of spatial light modula- 
tors each disposed to receive optical signals from a 
respective one of the inputs and a plurality of 
multiplexed phase volume holograms each dispos- 
ed to receive optical signals from a respective 
modulator, and the plurality of output receptors is 
common to all the multiplexed phase volume holo- 
grams whereby optical signals from a plurality of 
inputs may be simultaneously directed to desired 
output receptors. 

Preferably the number of holograms in each 
multiplexed phase volume hologram is equal to the 
number of receptors. This arrangement provides 
total flexibility and enables each and every input to 
be coupled to each and every output. However. In 
some circumstances it is desirable to be able to 
arrange for (for example) two outputs to receive the , 
same signal. In this case, there may be greater 
numbers of holograms in each multiple of phase 
volume hologram than there are outputs. 

The inputs may be provided by the ends of a 
plurality of optical fibre waveguides, or, alternative- 
ly, the inputs may be formed by optical devices the 
outputs of which are modulated by the input sig- 
nals. Thus, the optical inputs may all be taken from 
a single optical source which is split and each split 
component modulated In accordance with an Input 



signal, or alternatively, the devices may be formed 
by a number of independent optical sources each 
of which is modulated by an input signal. The 
receptors may be formed by the ends of an array 

s of optical waveguides leading away from the optical 
space switch and, in this case they are preferably 
formed by an array of multlmode optical fibres. 
Alternatively, the receptors may be formed by en 
array oi photo detectors or other active devices 

to such as self electrooptic effect devices which de- 
tect, amplify, or regenerate the light received. 
Photo detectors may form part of an optical regen- 
erator which. In turn, generates an output In the 
form of an optical signal. The inputs may be er- 
rs ranged in a linear array and, in this case the 
receptors may also be arranged in a linear array 
extending in a direction perpendicular to that of the 
linear input array. Alternatively, the input and/or 
outputs may have the form of two dimensional 

20 matrix arrays. 

The spatial light modulator may be formed buy 
a material fte refractive index of which may be 
varied by the application of an electrical or optical 
signal or rt may be formed from a material the 

26 physical dimensions of which can be changed se- 
lectively by the application of an electrical signal. In 
either case the change of phase across the 
wavefront of tight passing the spatial light modula- 
tor can be varied by the selective application of an 

30 electrical or optical control signal to the spatial light 
modulator. Examples of spatial light modulators are 
acousto-optic transducers and liquid crystals. 

The multiplexed phase volume holograms may 
be reflection or transmission holograms or may be 

35 mixtures of both reflection and transmission holog- 
rams. The holograms may also be of the Fourier 
transform phase volume hologram type. 

To create the multiplexed phase volume holog- 
rams an unexposed holographic recording medium 

40 is placed in position downstream of the inputs 
(which during creation of the holograms act as 
reference sources) and the spatial light modulators. 
An object array corresponding to the collectors is 
located on the same side of the holographic re- 

45 cording medium as the inputs and spatial light 
modulators and when creating a transmission holo- 
gram in a laterally offset position. Light from a 
coherent source, typically a laser, is applied via 
one of the inputs and the spatial tight modulator to 

so form a reference beam which impinges upon a 
section of the holographic recording medium which 
receives light from that input Another beam taken 
from the same coherent light source and passing 
through an equivalent path length is applied via 

5& one of the objects, typically the output end of a 
single mode optical fibre waveguide which then is 
distributed over the same section of the surface of 
the holographic recording medium. Light from the 
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same source but which has passed through these 
two different paths then interferes in the volume of 
the holographic recording medium to expose a 
particular pattern in that section of the holographic 
recording medium. Then, light is emitted from a 
different object and a different control signal is 
applied to the spatial light modulator. A further 
exposure of that section of the holographic record- 
ing medium is repeated until a pattern is exposed 
for each of the object sources, each one having a 
different control signal applied to the spatial light 
modulator so that the reference beam used to 
create trie hologram has a different phase front. 
Thus, each reference and point source are stored 
in association with one another. 

The next section of the holographic recording 
medium which receives light from the next input is 
then exposed by applying the reference beam to 
the next input and making another series of expo- 
sures with each and every object and with different 
control signals applied to the spatial light modula- 
tor. This process is repeated with a reference 
beam being applied to each and every input until 
the entire holographic recording medium has been 
exposed. The recording medium Is then processed 
to produce the multiplexed phase volume holog- 
rams. 

Thus, with this system when light from a par- 
ticufar input passes via the spatial light modulator 
to its multiplexed phase volume hologram since the 
light from the Input forms a reconstruction beam 
following the path of the reference beam a virtual 
image is formed at the location of the object and 
the collection means focuses light diffracted by the 
hologram onto the corresponding receptor in de- 
pendence upon the control signal that is applied to 
the spatial light modulator. The tight diffracted by 
the multiplexed phase volume hologram consists 
not only of the associated virtual image or object 
wave but diffracted waves from all of the other 
holograms in that multiplexed phase volume holog- 
ram. The collection means focuses the fight dif- 
fracted by the hologram corresponding to the re- 
quired virtual image on to the receptor while the 
light diffracted by other holograms is widely dis- 
persed over the output plane. In principle, the light 
dispersed from the other holograms can be made 
orthogonal at the point of focus on the output plane 
by using an orthogonal function In the spatial en- 
coding process of the reference waves e.g. Walsh 
or Hadamard functions. Since the diffraction effi- 
ciency of the individual holograms falls as the 
number of holograms in each multiplexed phase 
volume hologram is increased and the power of the 
fight incident upon the hologram is shared between 
the multiple diffractions the switch insertion loss 
grows rapidly with Increasing numbers of outputs. 
This loss can be minimised in a phase volume 



hologram by maximising the angular separation 
between the object point sources, and hence be- 
tween the outputs so that the Bragg extinction 
angle eliminates most of the undesired Interference 

s terms. In practice, it is possible to superimpose 
more than one thousand holograms of coded in- 
dividual point sources on a single multiplexed holo- 
gram and it Is believed that two or three orders 
greater than this may be possible. 

10 A particular example of an optical switch in 

accordance with this invention will now be de- 
scribed with reference to the accompanying draw- 
ing which is a diagrammatic perspective view. 
The optical switch comprises a number of irv- 

76 puts formed by a linear array of single mode op- 
tical fibres 1 , a spherical and cylindrical lens com- 
bination 2, a spatial light modulator 3, a number of 
multiplexed phase volume holograms 4, and collec- 
tion means comprising a lens combination 5 and a 

20 linear array of multimode optical fibres 6 forming a 
number of output receptors. The spherical and 
cylindrical lens combination 2 spreads light leaving 
the end of the input fibres 1 In the vertical direction 
as shown in the drawing to spread it over a vertical 

23 column of the spatial light modulator 3 and a simi- 
lar vertical column of the hologram 4. The holog- 
ram 4 is formed by a number of vertical sections 
arranged side-by-side. The sections are associated 
with the individual input fibres 1 and light from the 

30 first input fibre is only incident upon the first sec- 
tion. The spatial light modulator 3 equally includes 
a number of vertical sections with each section 
only receiving light from its corresponding input 
fibre. The spatial light modulator 3 is formed by an 

33 acousto-optic modulator. A separate control signal 
is applied to each of these sections to vary the 
phase change that occurs on passage of light 
through the section of the spatial light modulator 3. 
The multiplexed phase volume holograms that are 

4Q recorded in each section of the hologram 4 diffract 
the fight passing through the hologram 4 in such a 
way that it is focused by the lens 5 onto one of the 
output fibres 6. Which of the output fibres 6 the 
light is focused upon is determined by the phase 

45 front that is imposed on the letght as it passed 
through the spatial light modulator 3. Thus, by 
varying the control signal applied to the individual 
sections of the spatial light modulator 3 the input 
signal appearing on each input fibre 1 is coupled to 

so a particular individual output fibre 6. 

To create the holograms a holographic record- 
ing medium 4' is located where the hologram 4 is 
located and a number of object sources formed by 
the ends of a linear array of single mode optical 

ss fibres 7 are provided. The object sources 7 are 
complementary to output fibre 6 and may include a 
similar optical system 8 but the object fibres 7 are 
located on the same side of the holographic re- 



PAGE 26/124 * RCVD AT 2/22/2005 9:33:40 PM [Eastern Standard Time] * 8VR:U8PTO-EFXRF-1/2 * DM8:8729306 * C8ID:MarshaIJGerstetn * DURATION (mm-ss):55-32 



02/22/2005 08:34:15 PM 



Susana Vasquez 



Marshal IGerstein 



Page 27 



EP 0 279 679 B1 



cording medium 4' as the input fibres 1 . To record 
the holograms on the medium 4' a single coherent 
optical source (not shown) typically formed by a 
laser is applied via a beam splitter to one of the 
input fibres 1 and also to a selected object fibre 7. 
When the coherent source is applied to the first 
input fibre 1 a first strip of the medium 4' is 
uncovered, a first control signal is applied to the 
spatial tight modulator 3, and the coherent light is 
also applied to one of the object fibres 7. Thus, 
coherent light from the coherent light source is fed 
firstly via one of the fibres 1, the lens system 2 and 
the spatial light modulator 3 and, independently, via 
one of the object fibres 7 and the lens system 8 
and both of these beams interfere with one another 
in the first section of the holographic recording 
medium 4". This exposes a first pattern in the first 
section of the medium 4'. Then, a second control 
signal is applied to the first section of tfte spatial 
light modulator 3 and light from the coherent light 
source Is then fed to the second object fibre 7 as 
well as the first input fibre 1. Another exposure is 
made of the first section of the holographic record- 
ing medium 4' and this process is repeated until a 
pattern is recorded in the first section of the holo- 
graphic recording medium 4' for each one of the 
object fibres 7, each time a different control signal 
being applied to the first section of the spatial light 
modulator 3. Then, the coherent light source Is 
applied to the second one of the input fibres 1, a 
first control signal is applied to the second section 
of the spatial light modulator 3 and the first section 
of the holographic recording medium 4' is covered 
up and a second section exposed. The process is 
repeated until all of the patterns are exposed on 
the second section of the holographic recording 
medium 4*. This process Is continued to expose as 
many sections across the holographic recording 
medium 4' as there are input fibres 1. The holo- 
graphic recording medium 4' is then processed in 
the conventional way to produce the required mul- 
tiplexed phase volume nomograms 4. 

In preparing the holographic recording medium 
4' the light from the input fibres 1 and which has 
passed through the spatial light modulator 3 forms 
the reference beam and the light from the fibres 7 
forms the object. Thus, when the developed holog- 
ram 4 is illuminated by light from a source of 
substantially the same wavelength as the coherent 
light used to prepare the hologram 4, the light 
diffracted by the hologram 4 appears to have come 
from a virtual image located at the position of the 
object fibre 7. This light is thus focused by the 
optical system 5 on to one of the output fibres 6. 
Since a different control signal was applied to the 
spatial Hght modulator 3 when different object fi- 
bres 7 were illuminated and used as objects during 
the construction of the hologram, by applying par- 



ticular control signals to the spatial light modulator 
3 when input signals are fed from the input fibres 1 
these are switched by the hologram 4 to particular 
of the output fibre 6 corresponding to the object 
5 fibre 7. 

Claims 

1. An optical space switch comprising a plurality 
jo of inputs (1) for optical signals, a spatial light 

modulator (3) for receiving optical signals and 
controllable to impose a selected spatial phase 
modulation thereon, a multiplexed phase holo- 
gram (4) disposed to receive optical signals 

T5 from the modulator and containing a plurality 

of individual holograms to diffract light in a 
manner determined by the imposed spatial 
phase modulation, and collection means (6) 
Including a plurality of output receptors for 

20 collecting light diffracted by the holograms, 
each hologram diffracting light to a selected 
receptor in dependence upon the spatial mod- 
ulation imposed by the spatial phase modula- 
tor, 

as characterised in that 

the switch includes a plurality (3) of spatial 
light modulators each disposed to receive op- 
tical signals from a respective one of the in- 
puts (1) and a plurality (4) of multiplexed 

30 phase volume holograms each disposed to re- 

ceive optical signals from a respective modula- 
tor, and In that the plurality (6) of output recep- 
tors is common to all the multiplexed phase 
volume holograms whereby optical signals 

36 from a plurality of inputs may be simultaneous- 

ly directed to desired output receptors. 

2. An optical space switch according to Claim 1. 
in which the number of holograms In each 

40 multiplexed phase volume hologram is equal to 

the number of receptors whereby any of the 
signals may be directed to any of the recep- 
tors. 

45 3. An optical space switch according to claims 1 
or 2, in which the inputs are provided by the 
ends of a plurality (1) of optical fibre 
waveguides. 

so 4. An optical space switch according to claim 1 
or 2, in which the inputs are formed by optical 
devices the outputs of which are modulated by 
the input signals. 

55 6. An optical space switch according to Claim 4, 
in which the optical inputs are alt taken from a 
single optical source which is split and each 
split component modulated In accordance with 
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an input signal. 

6. An optical space switch according to Claim 4, 
in which the optical devices are formed by a 
number of independent optical sources each oi s 
which is modulated by an input signal. 

7. An optical space switch according to any one 
of the preceding claims, in which the receptors 

are formed by the ends of an array (6) of to 
multimode optical waveguides leading away 
irom the optical space switch. 

8. An optical space switch according to any one 

of claims 1 to 6, in which the receptors are is 
formed by an array of photodetectors or other 
active devices. 

9. An optical space switch according to any one 

of the preceding claims, in which the inputs so 
are arranged in a linear array (1) and the 
receptors are arranged in a linear array (6) 
extending in a direction perpendicular to that of 
the linear input array. 

26 

10. Art optical space switch according to any one 
of the preceding claims, in which the spatial 
light modulator (3) is formed by e material the 
refractive index of which may be varied by the 
application of an electrical or optica} signal. 30 

11. An optical space switch according to any one 
of the prececfing claims, in which the mul- 
tiplexed phase volume holograms (4) are trans- 
mission holograms. 35 

Patentansp ruche 

1. Raurnlicher optischer Schalter mit einem Viel- 
fach von EingSngen CO fUr optische Signale, 40 
einem rS urn lichen Ltchtmadulator (3) fOr den 
Empfang optischer Signale und steuerbar, urn 
ihnen eine ausgewShlte faumlicne Phasenmo- 
dulatton aufzuprSgen, ein Phesenmuftiplex-Ho- 
logramm (4) 2 urn Empfang optischer Signale 45 
vom Modulator und ertthaltend ein Vierfach in- 
dMduefter Hologramme zum Beugen von Ucht 
in einer von der aufgepragten raumlichen Pha- 
senmodulation bestimmten Weise, und einem 
Sammler (6) mit einem Vielfach von Ausgangs- so 
rezeptoren zur Sammlung des von den Holo- 
gram men gebeugtert Lichts, wobei jedes Holo- 
gram m Licht an eirten ausgewShtten Rezeptor 
beugt in AbhSngigkett von der durch den 
rSumlichen Phasenmodutator aufgeprSgten ss 
raum&chen Modulation, dadurch gekennzeich- 
net, dafl der Schalter ein Vielfach (3) von 
raumlichen Uchtmodulatoren aufwelst, von de- 



nen jedor 2um Empfang optischer Signafe von 
einem zugeordneten Eingang (1) bestimmt ist, 
sowie ein Vielfach (4) von Phasen multiplex- 
Volumenhologrammen, von 1 denen jedes zurn 
Empfang optischer Signalo von einem zuge- 
ordneten Modulator bestimmt ist. und da£ ein 
Vielfach (6) von Ausgangsrezeptoren alien 
Phasenmultrplex-Volurnenhologrammen ge- 
meinsam ist, so da0 optische Signale von dern 
VieHach der Eingange glelchzeitig an die ge- 
wttnschten Ausgangsrezeptoren gertchtet wer- 
den kdnnen. 

2» Raurnlicher optischer Schalter nach Anspruch 
1, wobei die Zahl der Hologramme in jedem 
Phasenmultiplex-Volurnenhologramm gteich 
der Zahl der Rezeptoren ist, wodurch Jedes 
der Signale an jeden der Rezeptoren gerichtet 
werden ksnn. 

a RaumBcher optischer Schalter nach AnsprO- 
chen 1 Oder 2, wobei die Eingange durch did 
Enden elnes Vielfachs <1) von optischen Faser- 
wellenleitem gebildet werden. 

4. Raurnlicher optischer Schalter nach AnsprO- 
chen 1 oder 2, wobei die EtngSnge durch 
optische Vorrichtungen gebildet werden, deren 
Ausg&nge durch die Eingangssigrtale moduRert 
werden. 

5. RaumBcher optischer Schalter nach Anspmch 
4, wobei die optischen Eingange alle von einer 
eln2elnen optischen Quelle stammen, deren 
Strahl zerlegt wird, und jede Strahlkomponente 
entsprechend dem Elngangssignal modufiert 
wird. 

6. R&umBcher optischer Schalter nach Anspruch 
4, wobei die optischen Vorrichtungen durch 
elne Zahl von unabhangigen optischen Quelien 
gebildet werden, von denen jede durch ein 
Eingangssignal moduliert wird. 

7. RaumBcher optischer Schalter nach einem der 
vorhergehenden Anspruche, wobei die Rezep- 
toren durch die Enden einer Gruppe <B) von 
optischen Mehrmodus-Wettenleitern gebildet 
werden, die von dem raumlichen optischen 
Schalter wegfUhren. 

8. Raurnlicher optischer Schalter nach einem der 
Anspruche 1 bis 6, wobei die Rezeptoren 
durch erne Gruppe von Photodetektoren Oder 
andere aktive Vorrichtungen gebildet werden. 

a. RSumlicher optischer Schalter nach einem der 
vorhergehenden AnsprQche, wobei die EingSn- 
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ge In llnearer Reihe (1) angeordnet sind und 
die Rezeptoren in einer (inearen Reihe (6) in 
einer Richtung senkrecht zu der der linearen 
Eingangsreihe angeordnet sind. 

10. Raumlicher optischer Schalter nach einem dor 
vorhergehenden AnsprUche, wobei der r&umli- 
cha Lichtrnodulator (3) aus einem Material be- 
steht dessen Brechungsindex durch Anlegen 
eines etektrischen oder optischen Signals ga* 
Sndert warden kann. 

11. Raumlicher optischer Schalter nach einem der 
vorhergehenden AnsprOche, wobei die 
Phasenmultlplen-Volumenhotogramme (4) 
Ubertragungs hologram me sind. 

Revendlcetlons 

1. Un commutateur optique spatial comprenant 
une se'rie d'entnSes (1) destinees a das si- 
gnaux optiques, un modulateur spatial de lu- 
mtere (3) destine Si recevoir des signaux opti- 
ques et reliable de m an te re a imposer a ceux- 
ci une modulation spatiate da phase choiste, 
un hotogramne (4) a phase multfplexage dispo- 
se de maniere a recevoir des signaux optiques 
provenant du modutateur et contenant une seV 
rie d'hotogrammes individuets pour diffracter la 
lumiere d'une maniere d$term»n6e par la mo- 
dulation de phase spatiale Impose* e, et un 
moyen coliecteur (6) inctuant une serie de 
recepteurs de sortie pour collecter la lumtere 
diffractee par les hologramrnes, chaque holo- 
gramrne diffractant la lumtere vers un recep- 
teur choisi en fonction de la modulation spatia- 
le imposee par le modulateur de phase spatial, 

caracte'rtse* en ce que 

le commutateur tnclut une sSrie (3) de 
modulateurs de Jurniere spatiaux disposes cha- 
cun de maniere k recevoir des signaux opti- 
ques a partir d'une entree respective parmi les 
entries (1) et une seVle (4) d'hologrammes en 
volume a phases multiplexers disposes Cha- 
con de facon a recevoir des signaux optiques 
a partir d'un modutateur respectif, et en ce que 
la se'rie (6) de recepteurs de sortie est commu- 
ne a tous las hologramrnes en volume a pha- 
ses multiplexers, gra'ce a quoi des signaux 
optiques provenant d'une serie d'entrses peu- 
vent fitre diriges simultanement vers des re- 
cepteurs de sortie souhaites. 

2. Un commutateur optique spatial seton la reven- 
dication 1 dans lequel !e nombre des holo- 
gramrnes de chaque hologramme en volume a 
phases multiplexers est 6 gal au nombre de 
recepteurs, gr£oe a quoi run quelconque des 



signaux peut §tre dirige* vers Tun quelconque 
des recepteurs. 

3. Un commutateur optique spatial selon la ravert- 
s dication 1 ou 2, dans lequel les entries sont 

realisees par les extre mites d'une serie (1) de 
guides d*ondes a fibres optiques. 

4. Un commutateur optique spatial selon la reven- 
w dication 1 ou 2. dans lequel les entrees sont 

forme* es par des dlsposrtlfs optiques dont les 
sorties sont modulees par les signaux d'entree. 

5. Un commutateur optique spatial selon la reven- 
js dication 4, dans tequei les entries optiques 

sont toutes prises dans une source optique 
unique qui est divls^e, et chaque composant 
divise est module* selon un signal d'entree. 

20 6. Un commutateur optique spatial selon la reven* 
dication 4, dans lequel les dtspositifs optiques 
sont formes d'une serie de sources optiques 
End&pendantes dont chacune est module par 
un signal d'entree. 

25 

7. Un commutateur optique spatial selon Tune 
quelconque des rovendications precgdentes, 
dans lequel les recepteurs sont formes par les 
extnSroitSs d'un r$seau (6) de guides d'ondes 

30 optiques rciulUmodes qui guident la lumtere a 

partir du commutateur optique spatial. 

8. Un commutateur optique spatial selon Tune 
quelconque des revendications 1 a 6. dans 

35 lequel les recepteurs sont formes par un re* 

seau de photodetecteurs ou d'autres dtspositifs 
actifs. 

9. Un commutateur optique spatial selon Tune 
40 quelconque des revendications pr£c6dentes, 

dans lequel les entrees sont agencies selon 
un re*seau lin6aire (1) et les recepteurs sont 
agenc£s selon un reseau lineaire (6) s'6tendant 
dans une direction perpendiculaire a cede du 
45 r£seau Un£aire d'entnSe. 

10. Un commutateur optique spatial selon Tune 
quelconque des revendications pre*cedentes, 
dans -lequel le modulateur spatial de lumtere 

so (3) est forme par une matiere dont on peut 

faire varier I'indlce de refraction par Implica- 
tion d'un signal e* tectrique ou optique. 

11. Un commutateur optique spatial selon Tune 
ss quelconque des revendications pr£c£dent8s, 

dans tequei les hologramrnes en volume (4) a 
phases multiplex^ es sont des hologramrnes de 
transmission. 

6 
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Abstract 



An optical space switch is used in a centralised switching system for an optical network and connects light 
from one of a number of inputs (1 ) to a selected one of a number of outputs (6). The switch includes a 
number of multiplexed phase volume holograms (4), a spatial light modulator (3) for imposing a selected 
phase change on light passing through it, distribution means (2) for coupling light from the inputs (1) via the 
spatial light modulator (3) to the multiplexed phase volume holograms (4), and collection means (5) for 
collecting light diffracted by the multiplexed phase volume holograms (4). Each multiplexed phase volume 
hologram (4) diffracts light to a selected output (6) in dependence upon the phase change imposed by the 
spatial light modulator (3) on the light incident upon that hologram (4). 
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